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Background: Multimorbidity is now acknowledged as a research priority in primary care. The identification of risk
factors and people most at risk is an important step in guiding prevention and intervention strategies. The aim of
this study was to examine the relationship between literacy and multimorbidity while controlling for potential
confounders.
Methods: Participants were adult patients attending the family medicine clinic of a regional health centre in
Saguenay (Quebec), Canada. Literacy was measured with the Newest Vital Sign (NVS). Multimorbidity was measured
with the Disease Burden Morbidity Assessment (DBMA) by self-report. Information on potential confounders (age,
sex, education and family income) was also collected. The association between literacy (independent variable) and
multimorbidity was examined in bivariate and multivariate analyses. Two operational definitions of multimorbidity
were used successively as the dependent variable; confounding variables were introduced into the model as
potential predictors.
Results: One hundred three patients (36 men) 19–83 years old were recruited; 41.8% had completed 12 years of
school or less. Forty-seven percent of patients provided fewer than four correct answers on the NVS (possible low
literacy) whereas 53% had four correct responses or more. Literacy and multimorbidity were associated in bivariate
analyses (p< 0.01) but not in multivariate analyses, including age and family income.
Conclusion: This study suggests that there is no relationship between literacy and multimorbidity when controlling
for age and family income.Background
Multimorbidity, the coexistence of two or more chronic
diseases in the same patient, has received growing inter-
est in the primary care literature over the past few years
and is now acknowledged by many as a research priority
[1-6]. Patients with multimorbidity seen in family prac-
tice represent the rule rather than the exception [7-9].
These patients are more likely to present poor health
outcomes such as a decrease in quality of life [10],
increased psychological distress [11], more postsurgical
complications [12], longer hospitalisations [13,14], and
higher rates of mortality [15,16].
In the wake of prevention and intervention strategies
to address this issue, the identification of risk factors and
of people most at risk is an important aspect. Aging [7,9]* Correspondence: Catherine.Hudon@USherbrooke.ca
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reproduction in any medium, provided the origand low socioeconomic status [8,9,17,18] are already
clearly associated with an increased incidence of multi-
morbidity. Without directly measuring multimorbidity,
many studies have also assessed a relationship between
low literacy and poorer health status using global health
measures [19-26] which raises the possibility of an inde-
pendent association between literacy or health literacy
and multimorbidity.
The Institute of Medicine defines health literacy as
“the degree to which individuals have the capacity to
obtain, process and understand basic health information
and services needed to make appropriate health deci-
sions” [27]. This definition presents health literacy as a
set of individual capacities that allow the person to ac-
quire and use new information [28]. Others have argued
that health literacy is the ability to function in the health
care environment and depends on characteristics of both
the individual and the health care system [28]. In both
cases, individual capacity, including reading fluency andLtd. This is an Open Access article distributed under the terms of the Creative
mmons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
inal work is properly cited.
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[28]. Reading fluency, or literacy [29], is the ability to
mentally process written materials and form new know-
ledge. The first National Adult Literacy Study [30]
divided literacy into three skill sets: 1) the ability to read
and understand text; 2) the ability to locate and use in-
formation in documents; and 3) the ability to apply arith-
metic operations and use numerical information in
printed materials.
Notwithstanding the interest in looking into a potential
association between health literacy and different health
outcomes such as multimorbidity, health literacy is easier
to conceptualize than to measure. Even if valid measures
of literacy exist, a measure that accurately depicts the
multiple dimensions of health literacy is still needed
[28,31]. Most studies measuring an association with out-
comes used a measure of literacy.
A low level of literacy has been linked to several nega-
tive health outcomes in patients: poorer knowledge of
their health problems [32-35], poorer health status, and
higher hospitalization rates [36,37], than those having an
adequate level of literacy. Inadequate literacy has also
been associated with problems with the use of preventive
services [38], delayed diagnoses [39], and all-cause mor-
tality among community dwelling older aged people
[40,41].
The aim of this study was to evaluate the relationship
between literacy and multimorbidity while controlling
for potential confounders.
Methods
Study design and setting
A descriptive study was conducted among patients
attending a family medicine clinic of a regional health
centre in Saguenay (Québec), Canada. The Saguenay
region’s population is approximately 150,000 living in
one major city and several smaller boroughs. The Sague-
nay region has about 130 general practitioners, nearly
80% of whom have a general practice and work in a pri-
vate office or a public institution. The present study was
carried out in an institutional practice (Centre de santé
et de services sociaux de Chicoutimi) where 12 family
doctors and four nurses provide their services to 9,000
registered patients.
Participants and sampling
The sampling process took place during 10 four-hour
sessions over a two-week period. Patients solicited were
asked to complete a short questionnaire to determine eli-
gibility. To be included in the study, participants had to
be aged 18 years or older and regular patients of the
family medicine clinic.
Patients were excluded if they presented an unstable
acute or psychiatric condition, or if they were pregnantor unable to provide informed consent. Non eligible
patients were thanked for completing the short question-
naire for eligibility and no further action was taken with
them.Instruments
Literacy was measured with the Newest Vital Sign (NVS)
[42]. The NVS consists of a nutrition label from an ice
cream container. The label is given to the patient, who is
then asked six questions about it. The first four ques-
tions require document and quantitative skills, including
the ability to calculate percentages. It takes approxi-
mately three minutes to administer. The NVS is reliable
(Cronbach alpha> 0.76) and correlated with the Test of
Functional Health Literacy in Adults (TOFHLA), an-
other instrument measuring literacy [42]. The NVS is a
markedly better predictor of patients with low literacy
than education or age alone. Patients with four correct
responses or more are considered as having adequate
literacy whereas fewer than four correct answers indicate
low literacy. The NVS was treated as a dichotomous
variable: 1) low literacy (NVS< 4), and 2) adequate lit-
eracy (NVS ≥ 4) [42].
Multimorbidity was measured with a simplified version
of the Disease Burden Morbidity Assessment (DBMA)
by self-report described by Bayliss and colleagues [43].
The original instrument includes 21 diseases. For this
study, only 11 diseases with a high prevalence in our set-
ting were kept in order to reduce the time needed to
complete the questionnaire: hypertension, hyperlipid-
emia, asthma, chronic obstructive pulmonary disease,
diabetes, osteoarthritis, back pain, other musculoskeletal
conditions, overweight, angina/coronary artery disease,
and congestive heart failure. To assess their disease bur-
den, patients identified in the list of 11 conditions those
that they had, and rated the interference of each condi-
tion with daily activities on a five-point scale from 1
(“not at all”) to 5 (“a lot”). The total multimorbidity score
is the sum of conditions weighed by the level of interfer-
ence assigned to each. The original DBMA was found to
be strongly associated with subjective health status [43].
Two operational definitions of multimorbidity were
used: 1) the DBMA score while considering all 11 condi-
tions (DBMA 11); 2) the DBMA score while taking into
account only six conditions, which were considered to
be associated with lifestyle habits or that have been
reported as independently associated with inadequate lit-
eracy [44,45]: hypertension, hyperlipidemia, diabetes
mellitus, overweight, angina/coronary artery disease, and
congestive heart failure (DBMA 6). The latter oper-
ational definition of multimorbidity was computed to
have a multimorbidity measure that, at least theoretic-
ally, could be associated with literacy.
Table 1 Characteristics of the sample
Characteristic Participants
n =103
Mean (SD) age, years 49.9 (7.1)
Male, % 35.0
NVS< 4, % 47.6
NVS≥ 4, % 52.4
DBMA 11. Mean (SD) 5.8 (6.5)
DBMA 6, Mean (SD) 2.5 (3.2)
0 or 1 disease, % 42.7
2 or more diseases, % 57.3
Education, %
≤ 12 years 41.8
College 27.2
University 30.1
Missing data 1.0
Household income in Canadian dollars, %
< $10,000 5.8
$10,000-$29,999 18.4
$30,000-$49,999 31.0
≥ $50,000 41.7
Missing data 2.9
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The patients were recruited in the waiting room of a
family medicine clinic. A research assistant approached
each patient to explain the project. All subjects who
refused to participate did it at this point, and no data
were collected from them. Patients who agreed to partici-
pate and met all eligibility criteria were brought to a small
separate room where the research assistant obtained their
written consent, collected sociodemographic data (sex,
age, education and family income), and administered both
the NVS and the DBMA. The responses to the NVS were
collected by the research assistant while the DBMA ques-
tionnaire was completed by the patient in the presence
of the research assistant who helped them, if needed (for
example, reading the questionnaire to patients who did
not have their glasses). Filling out the questionnaires took
no more than 10 min. Participants did not receive any pay-
ment for participating in the study.
The study was approved by the research ethics board of
the Centre de santé et de services sociaux de Chicoutimi.
Data analysis
The associations between multimorbidity (dependent
variable) and the other variables (age, sex, education,
family income and NVS) were first examined in bivariate
analyses. In a multivariate general linear modeling ana-
lysis, both operational definitions of multimorbidity were
used successively as dependent variable, and the vari-
ables with a significant relationship with multimorbidity
in the bivariate analysis were used as potential predictors
in the model. Correlations between predictor variables
were examined to determine the presence of collinearity.
All analyses were performed with PASW Statistics 18
(SPSS Inc.). The α significance level was set at 0.05.
Results
A total of 103 patients (36 men) between 19 and 83 years
of age participated in the study; 41.8% had a 12-year or
less school education and 30.1% had completed univer-
sity studies (Table 1). Forty-eight percent of patients had
a NVS score within the range of limited literacy (NVS
< 4), and 52% had adequate health literacy. The number
of subjects with and without multimorbidity was well
distributed across the sample (Table 1).
The scores of both operational definitions of multi-
morbidity showed a wide distribution across the sample.
Figure 1 shows the distribution of each definition of mul-
timorbidity score. As expected, the DBMA 11 had the
widest variation, with a range of 0–29 and a median of
three; the DBMA 6 varied from 0–13 with a median of
two. The distribution of both operational definitions of
multimorbidity followed a similar trend, the most striking
difference being that 16 patients (15.5%) had a DBMA 11
score of zero whereas the number of patients with aDBMA 6 score of zero was 42 (40.8). This was also an
expected finding due to the smaller number of chronic
conditions considered in the DBMA 6.
In bivariate analyses, age, family income, and literacy
were linked to both operational definitions of multimor-
bidity. There was no association between sex or educa-
tion and multimorbidity (Table 2).
In multivariate analyses, only age and family income
were associated with both operational definitions of mul-
timorbidity (Table 3). Literacy was no longer related to
multimorbidity when age and family income were intro-
duced into the model. No collinearity was found among
the predictor variables.Discussion
To our knowledge, this is the first publication addressing
the relationship between literacy and multimorbidity.
The results of the study suggest that low literacy is asso-
ciated with the presence of multimorbidity in adults con-
sulting in primary care in bivariate analysis, but this
association is no longer present when controlling for age
and family income.
Many previous studies have indicated that patients
with low literacy were more likely to report poorer
health than patients with adequate literacy [19-26], while
other studies found no relationship between literacy and
health status when controlling for education [46,47].
Many studies were conducted in older aged patients
[21,23-25,46,47] making generalization of results to other
Figure 1 Distribution of scores on operational definitions of multimorbidity. DBMA=Disease Burden Morbidity Assessment (see text for
description of chronic conditions considered in DBMA 11 and DBMA 6).
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founding variables [21]. In another study [20], literacy
was not evaluated with a validated tool but by the staff
of the institution where the study was carried out. In all
studies, health status was evaluated globally using self-
rated health status categories. In this research, we used a
more detailed instrument to measure patients’ disease
burden than the studies supporting the existence of a
relationship between health literacy and global health
measures.
Other research has addressed the relationship between
literacy and specific diseases with inconsistent results.
One study reported that inadequate literacy (measured
with the short form of the Test of Functional Health Lit-
eracy in Adults) was an independent predictor of dia-
betes mellitus and heart failure but not hypertension,
arthritis or pulmonary disease, while adjusting for socio-
demographic variables (age, sex, race/ethnicity, education
and annual income), health risk behaviours (smoking
habit and alcohol use), and body mass index [45]. An-
other study using the same measure of literacy found
that heart attack, stroke, hypertension, diabetes, arthritisTable 2 Results of bivariate analyses
Multimorbidity measure
Variable DBMA 11 DBMA 6
β† p value β† p value
Age 0.439 < 0.01 0.490 < 0.01
Sex −0.004 0.97 0.061 0.55
Education −0.185 0.06 −0.039 0.70
Income −0.394 < 0.01 −0.286 < 0.01
NVS −0.334 < 0.01 −0.214 0.04
† β = regression coefficient.and depression were all associated with the literacy level
[48]. A study accounting for hypertension, diabetes, obesity
and depression concluded that only depression remained
significantly associated with literacy after adjusting for con-
founders [46]. Another study reported that individuals with
low literacy had significantly higher rates of arthritis and
hypertension, but no statistical differences were found in
the prevalence of diabetes, pulmonary, or heart disease
[25].
A low level of literacy may be linked to certain health
issues and not others. As our measure of multimorbidity
evaluated chronic diseases as a whole as well as their
severity, we may not have detected a link because of the
presence of specific health issues not associated with lit-
eracy. An association between literacy and multimorbid-
ity may exist when two or more specific diseases
individually related to health literacy coexist in one per-
son. The conceptualization and measure of multimorbid-
ity could therefore have an impact on this association.
That is why we conducted analysis using two distinctive
conceptualizations and measures, in order to verify if
results were different. It was not the case.Table 3 Results of multivariate analyses
Multimorbidity measure
DBMA 11 DBMA 6
Variable β† p value β† p value
Age 0.40 < 0.01 0.47 < 0.01
Sex −0.02 0.82 0.02 0.83
Education −0.07 0.46 0.03 0.76
Income −0.31 < 0.01 −0.21 0.02
NVS −0.08 0.41 −0.02 0.87
† β = regression coefficient.
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and family income in the multivariate models. The asso-
ciation of multimorbidity with age is well recognized [7-
9,49]. The relationship between socioeconomic status
and multimorbidity has also been extensively documen-
ted [8,9,17,18].
Our results do not allow us to rule on a potential asso-
ciation between health literacy, a more global concept
than literacy [28,31], and multimorbidity. A comprehen-
sive measure of health literacy that considers other
dimensions of the concept still needs to be developed.
We could then verify if there is a link between health lit-
eracy and multimorbidity. Although we did not observe
a direct association between literacy and multimorbidity, it
is still important to continue taking this variable into ac-
count in patient care in order to tailor health information
to patient needs and in a format they can understand [42].
A limitation of this study is that participants were not
randomly selected from the general population. We
recruited patients from the waiting room of a single pri-
mary care setting. This method may over sample com-
plex patients with several diseases or frequent attendees.
However, we were able to recruit a group of patients
with a good distribution of multimorbidity and literacy.
Another limitation is the lack of statistical power to carry
out multivariate analysis by individual disease. Although
the study was conducted in one family practice, we ex-
pect the same results from similar primary care settings.
In conclusion, this study suggests that there is no rela-
tionship between literacy and multimorbidity when
controlling for age and family income. Patients with mul-
timorbidity may have specific diseases that are associated
with low literacy. Further studies are needed to identify
individual diseases and combinations of diseases linked
to literacy while controlling for potential confounding
variables. A possible association between health literacy
and multimorbidity still needs to be explored when a
comprehensive measure of health literacy is available.
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